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Abstract 
Within the framework of the ESTOC (European Station for Time Series in the Ocean, Canary 
Islands} and CANIGO (Canary Islands Azores Gibraltar Observations) projects several 
cruises with FS Poseidon and FS Meteor took place in the eastern Canary Basin. The 
ESTOC/CANIGO cruises with FS Poseidon include cruise 202/1 in September/October 1994, 
cruise 212 in September/October 1995, cruise 233 in September/October 1997 and cruise 
237/3 in April 1998. A summary of those four cruise reports from FS Poseidon is given here 
by the chief scientists. Contributions of other participants are denoted. 
Zusammeirfassmig 
Im Rahmen der ESTOC (European Station for Time Series in the Ocean, Canary Islands) und 
CANIGO (Canary Islands Azores Gibraltar Observations) Projekte fanden mehrere 
Expeditionen mtt FS Poseidon und FS Meteor im ttstlichen Kanarenbecken statt. Die 
ESTOC/CANIGO Fahrten von FS Poseidon beinhalten die Reisen 202/1 im 
September/Oktober 1994, Reise 212 im September/Oktober 1995, Reise 233 im 
September/Oktober 1997 und die Reise 237/3 im April 1998. Die Fahrtberichte dieser vier 
von FS Poseidon Reisen werden hier durch die Fahrtieiter zusammengefaBt. Beitrage anderer 
Fahrtteilnehmer sind als solche gekennzeichnet. 
CWtents 
1. Research programmes ., ............................... ................... 1 
2. Scientific crew .,.„ .... 4 
3. Scientific equipment and methods 6 
3.1, Physical oceanography 6 
3.2. Chemical oceanography....... 7 
33 Biological oceanography..... 9 
4.1. Cruise narrative of P202/1 , 13 
4.2. Cruise tracks of P202/1 15 
4.3. Moorings during P202/1 ,„.,..,„.„....... 16 
4.4. Station list for P202/1................. 17 
4.5. Sampling during P202/L... 20 
5. POSEIDON cruise 212 ......................21 
5.1. Cruise narrative of P212.,... „,.......,......„. 21 
5.2. Cruise tracks of P212 ....24 
5.3. Moorings during P212 , 26 
5.4. Station list during P212.,,......, 27 
5.5. Sampling during P212.,,.. ,„„.„„„„..... ...34 
6.1. Cruise narrative of P233 , 36 
6.2. Cruise tracks of P233,.....,..,,.. , ................ 39 
6.3. Moorings during P233... 41 
6.4. Station list for P233............. 43 
6.5. Sampling during P233,„...,.„ .......„„ „.......,..,„„.4S 
7. POSEIDON cruise 237/3..... ...............54 
7.1. Cruise narrative of P237/3,.....,,,,.. ., ........................54 
7.2. Cruise track of P237/3 ». , 55 
7.3. Moorings during P237/3 ,....„„.. 55 
7.4. Station list of P237/3..,...,.. 56 
7.5. Sampling during P237/3,, , 59 
8. Scientific report and first results....... 63 
8.1. Physical oceanography...,.....,.,,,,..................,....,,.... 63 
8.2. Chemical oceauography.................,,,..,,.,.,,.......,...,..,,,,, „..,.,„., 72 
8.3. Biological oceanography... „....„....„„..75 
Acknowledgements,,,. .„........,.........„„„„ ....78 

1. Research programmes 
The upper ocean of the Canary Basin is characterized by the eastern North Atlantic subtropical 
gyre and the West African upwelling regime, and the atmosphere by the trade wind system 
and a considerable Saharan dust input from the atmosphere influencing the particle flux in this 
oceanic region. Investigations in this area take place within several projects like ESTOC 
(European Station for Time Series in the Ocean Canary Islands), JGOFS (Joint Global Ocean 
Flux Studies), the European MAST 2 programme EUROFLOAT and the European MAST 3 
project CANIGO (Canary Islands Azores Gibraltar Observations). The POSEIDON cruises 
P202/1, P212, P233 and P237/3 were dedicated to investigations in the framework of those 
projects. 
ESTOC 
The ESTOC station, which is operational since the beginning of 1994, is providing long time 
series of physical, chemical and biological data in order to investigate the seasonal and 
tnterannual variability of the ocean. The data sets will also be supplementing WOCE and 
JGOFS data inventories. The position of the station is about 60 nautical miles northwest of 
Gran Canaria at nominally 29°10'N, OlS^OW and 3610 m water depth. Monthly 
measurements and water sampling are performed, usually with the research vessel 
TALIARTE of the Institute Canario de Ciencias Marinas (ICCM), but the regular station work 
is supposed to be taken over by other Spanish or German ships when they operate in the area. 
Besides the monthly station work, the Institut fur Meereskunde in Kiel (IfMK) operatess a 
current meter mooring and the university of Bremen (GeoB) a particle trap mooring at the 
ESTOC position both of which are regularly reset. In addition to satellite observations at least 
yearly cruises with German research vessels aim at checking the representativeness of the time 
series data and improving the understanding of the processes with mesoscale resolution in the 
area. 
Cruises P202/1, P212, P233 and P237/3 had the goal to study zonal changes of physical, 
chemical and biological properties in the ocean around the Canary Islands, the fatter two 
cruises in close connection with the CANIGO programme. During all cruises the regular 
monthly ESTOC station work was to be carried out and the current meter mooring at the 
ESTOC position was to be deployed or exchanged by a follow-up mooring, respectively, 
JGOFS 
Mooring KBBL276 is located at nominally 33aN, 022*W and 5320 m water depth about 240 
nautical miles west of Madeira, outside economic zones of coastal states. Is is operated since 
1980 with 7 current meters between 250 m and 5200 m depth. It is aimed to monitor the 
variability of te Azores Current at the northern rim of the North Atlantic subtropical gyre from 
mesoscale to seasonal and interannual scales. Since 1993, it is continued as an open ocean 
JGOFS time series station with additional 4 particle traps. The mooring was to be recovered 
and reset during P202/1 and P212/4. 
EUROJPtAIAT 
The KMK takes part within the European MAST 2 programme BUROFLOAT to study the 
large scale spreading of the Mediterranean water tongue at the 1000 m level in the northern 
Canary Basin and its interaction with the upper ocean Azores Front using RAFOS float 
technology. For the EUROFLOAT project three sound sources to track RAFOS floats were to 
be moored and 15 RAFOS floats to be dropped during cruise P212. Within an ending earlier 
three moorings with sound sources and a moored RAFOS float were to be recovered in the 
Iberian Basin, 
CANIGO 
CANIGO is an integrated European research project with the common objective of 
understanding the functioning of the marine system in the Canary-Azores-Gibraltar region 
through comprehensive interdisciplinary basin scale studies. The project started in September 
1996 and will run for 3 years. Within subproject 1 the circulation and dynamics of transports 
through the Eastern Boundary Current System are investigated. 
POSEIDON cruises P233a and P237/3 were the second and third of a total of four cruises 
during different seasons to determine the variability of the physical environment in the eastern 
Canary Basin, CTD/LADCP sections including biological and chemical sampling were carried 
out between the African Shelf, Madeira, La Palma and back to the African shelf to obtain a 
closed hydrographic box for budget calculations. Sampling for coccolithophorids, diatoms and 
planktic foraminifera was part of the CANIGO subproject 3, which studies the particle flux 
and paleoceanography in the Eastern Boundary Current. The scientific goals are (a) to obtain a 
better understanding of the seasonal and interannual interaction between planktonic organisms 
and the physical environment along a WE-transect north of the Canary Mauds and (b) to 
compare this interaction with the long-term variability of species composition and flux into 
the sedimentary archives. 
During P233/b-c, the main work was aimed at exchanging moorings for CANIGO as well as 
ESTOC. The moorings were designed to study the mean flow and particle flux, and their 
variability on long time scales including interannual variations (i) close to the ESTOC station 
(GeoB and IFMK mooring sites ESTOC/CI and ESTOC/367, respectively) that also serve as a 
background stations for CANIGO, (it) in the coastal and upweliing influenced area of the 
Eastern Boundary Current System east of Lanzarote/Fuerteventura (EBC), and (iii) at a site 
well off the coastal and upweliing influence in an oligothrophic area at the CANIGO site LP 
norm of La Palma in the open eastern Atlantic. 
Deep western boundary currents at the Mid Atlantic Ridge 
If the Mid Atlantic Ridges serves as a boundary between the western and the eastern Atlantic 
basins, one might expect deep western boundary currents (DWBC) on its eastern flank. From 
™ S M T * n ^ U r e T S * * " • "* sPecuIa t i0 f )S *at such a DWBC sets northeast at about 
I Tmmr. * " W3tef depth" T o forther ** * e hypothesis on the existence of 
Z T AT L!!!00"?!2 With CUfrent m c t e r s md thermistor strings between 4560 m 
demand the bottom (5264 m) was deployed in July 1993 and was to be recovered during 
CTDtest 
During P202/1 some CTD tests were performed with a new deep sea CTD (KMS) made by 
Meerestechnik Elektronik ME, Trappenkamp, Germany in comparison with a standard 
MKHIB Neil Brown CTD, 
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3. Scientific equipment and methods 
3.1. Physical oceanography 
Navigation and underway measurements (IfMK) 
A GPS-receiver with accuracy of ca. 100 m was used during the first two cruises P202 and 
P2I2., In the beginning of the P233/a a new GG24 receiver from Ashtec was installed His 
unit combines the signals from the GPS and the Russian GLONASS satellites to determine 
positions to better than 20 m. Also four antennas of the ADU2 from Ashtech, which allow the 
determination of pitch, roll and heading from the GPS sipals, were mounted on the very top 
of the vessel's mast where a good calibration could be made. After the installation, both units 
improved significantly the vessel-mounted ADCP (RDI, 150 KHz) data. 
Since P233, the GG24 signal now is also supplied to the vessel's integrated underway data 
system by which data streams from the navigation, the automized weather station, the 
thermosalinograph and die digital echo sounding (12 kHz) are merged. 
€OT/Orsemsoi#B«sita flooroiiieter <HMK) 
A standard MKfflB CTD made by Neil Brown Instruments was available during all cruises. 
Usually the IfMK NB2 CTD was used except for the POSEIDON cruises P212 where the 
IfMK NB1 CTD was taken. Often the CTD was equipped with an oxygen sensor made by ME 
and/or an in-situ fluorometer made by Haardt, which is only applicable in the upper 3000 m. 
During P202 either the oxygen sensor or the fluorometer was attached to the CTD, which was 
usually lowered down to the bottom. During P2I2 only the fluorometer was used and most of 
the CTD casts stopped at 3000 m depth. During P233 and P237/3 the oxygen sensor and the 
fluorometer were used simultaneously with die CTD, except for stations with water depths 
greater than 3000 m where the fluorometer was removed. 
Rosette (IfMK) 
On each station water samples were obtained with a GO multisampler (21 x 10 I) usually if 
possible from the following pressure levels: bottom, 3000 dbar, 2500 dbar, 2000 dbar, 1500 
dbar, 1300 dbar, 1200 dbar, 1100 dbar, 1000 dbar, 800 dbar, 600 dbar, 400 dbar, 200 dbar, 
150 dbar, 100 dbar, 75 dbar, 50 dbar, 25 dbar, 10 dbar and the depth level of maximum 
chlorophyll content. Furthermore, the following depth levels were also used occasionally 
during P233 and P237:4000 dbar, 3500 dbar, 2800 dbar, 1800 dbar, 1150 dbar, 900 dbar, 500 
dbar, 300 dbar and 250 dbar. The water samples were analyzed for salinity, oxygen, nutrients, 
chlorophyll and plankton. During P202 and P212 also trace metals like aluminium were 
studied. Some water samples were already analyzed onboard of the ship, others were or will 
be analyzed in the laboratory. 
(IfMKJCCM) 
For the salinity measurements of the water samnW * a*»iAt;^ A * , ,-
The measurement* w*™ J^T T 7 ^ P " * & GuildJme Autosal salinometer was used. 
The measurements were partly made on the ship and partly in the laboratory at the ICCM. 
lowered ADCPOfMK) 
A lowered Acoustic Doppler Current Profiler {RDI 150 kHz) was usually attached to the 
CTD, During P202 and P212 the LADCP was only applicable to 3000 m depth, for P233 and 
P237 the pressure case was changed and the LADCP was lowered to the bottom. 
Moorings (KMK, GmB IEG, ULPGC) 
During the cruises several moorings were recovered, deployed and exchanged. They were 
equipped with Aanderaa current meters, mooted ADCPs, particle trap; and sound sources for 
tracking RAFOS floats 
RAFOS floats (BMK) 
The travelling times of sound pulses from moored (fixed position) sound sources to the freely 
drifting and listening RAFOS float is measured to determine the position of a RAFOS float. 
One to three pulses a day at prescribed times for a few seconds are required from two, better 
threes, sources to get positions and thereby track lines of the float During P202 three sound 
source moorings and a moored float were recovered, during P212 three EUROFLOAT sound 
source moorings and 15 RAFOS floats were deployed. 
XBT (ICCM, IfMK) 
During P202/lc and P212/2 also XBTs from Sippican were used to investigate a meddy in 
more detail and to increase the horizontal resolution for a study of die oceanic stratification 
between the Canary Islands and the African shelf, respectively. 
3,2. Chemical oceanography 
Oxygen: Metrohm 682 Tltroprocess«r (ICCM) 
Glass bottles (ranging in volume from 120 to 135 ml) were used to collect water samples from 
the whole water column for oxygen which were immediately Fixed using two reactives 
(manganese chloride and alkalin solution of iodure, respectively). Then, the bottles were left 
for at least six hours for precipitation; finally, they were titrated using a Metrohm 682 
Titroprocessor, 
Chlorophyll at Laboratory fhioroineter (ICCM) 
For the determination of chlorophyll water samples were taken from 200 m to the surface 
using one liter plastic bottles. The chlorophyll was partly determined onboard using a Turner 
10 fluorometer. 
During P202 the water samples (100 ml or 200 ml, respectively) were filtered onto GF/F 
filters (vacuum^ 100 mg HG) in replicates or triplicates and extracted in 10 ml of 90 % 
acetone for 24 hours in a refrigerator. Chlorophyll samples were measured 24 to 36 hours after 
filtration. The concentration of pigment was determined after measuring chlorophyll 
fluorescence before and after acidification with a few drops of 10% HCL, and applying a 
calibration factor determined using standards of pure chl a. Thus, not only chlorophyll but also 
phaeopigments can be measured. 
During P233 water samples of 500 ml were subsequentely filtered with Whatman GF/F 47 
mm glass microfibre filters, saving each filter in 10 ml glass tubes that were finally frozen. 
The samples were defrozen and acetone was added to dilute the pigments; they were left for 
24 hours in order to release the pigments, and then chlorophyll a was measured using 
fluorometric analysis. 
Nutrients: Skater eontiini«is-flow autioanalyser (ICCM) 
Nutrient samples (50 ml plastic bottles) from the whole water column were taken and 
immediately frozen while standing vertically. The samples were analyzed later at the ICCM 
for the contents of nitrites and nitrates, phosphates and silicates using an Skalar continuous-
flow autoanalyser. 
Potentiometrie alkalinity system (ULPGC) 
During P212/3 the pH, total alkalinity and total CO2 measwemeiB have been done in situ by 
using a potentiometrie alkalinity system that was developed to meet the WOCE 
recommendations. The main objective of the work of the carbon dioxide group at the ULPGC 
was to study the spatial variability of die parameters which define the carbonate system in the 
water column for the first time in the region just north of the Canary Islands. The parameters 
to be determined are pH, total alkalinity and total CO2. Values of pCOi will be determined 
theoretically and related to published 0CO2 values of the atmosphere in order to determine 
whether the Canary Mands region acts as source or a sink of CO2. This study will be part of 
future work in order to study also the seasonal variability of carbon dioxide system related to 
hydrographic conditions in the area (subtropical convergence, upwelling). 
Trace metals (ULPGC) 
Samples were taken for test purposes during P202/lc and kept frozen at -20° C in 
polyethylene bottles for later analysis ashore. For the aluminium analysis a voltametric 
method will be used to determine labil aluminium. The procedure is based on the 
complexation of aluminium with l,2-dihydroxyanthraquinone~3-sulphonic acid (DASA) and 
on the measurement of the reduction current of this complex using a high speed cathodic 
stripping vottammetry (HSCSV). Reduction of Al-DASA complex produces a faradaic current 
proportional to the concentration of dissolved Al. The free DASA ligand has a cathodic peak 
at - 0.63 V while Al-DASA peak is more negative at -1.1 V (Ag/ClAg). Optimal experimental 
parameters include an accumulation potential of -0.95 V during 45 s, DASA concentration 
2zl0-6 M and staircase scan mode to 30 V/s speed. Samples are buffered at 7.1 pH using 
N.N'-bis (2-hydroxyethyl)-2-aminoethane sulphonic acid (BES). The detection limit is 1.75 
nM for 30 s adsorption time. The deviation is less than 3% for a 19 nM Al concentration 
sample. 
Determinations of cobalt, nickel and zinc will be tested using electrochemical procedures. The 
electrochemical system that will be used in the analysis has been designed to measure of 
instantaneous currents at short times with a low noise level. The analysis time required for 
f!l S f s o b ? n t i a , 1 y " a * " * lowing
 t o immm the m m b e r o f determinations. A 
PAR-303A electrochemical cell with hanging mercury drop electrode (HMDE) is used with 
the home-made computer-controlled potentiostat. 
3.3 Biological oceanography 
Drifting particle trap (GeoB) 
The surface tethered particle trap consisted of four cylinders mounted in a welded iron frame. 
Each cylinder was topped with a baffle to reduce turbulence at the mouth of the cylinder and 
had a sample bottle screwed on from below, The sample bottles were filled with a 0.2 pun 
filtered 40%o density gradient solution (achieved with Suprapur NACL) mat was poisoned 
with 2% formalin. Before deployment, the cylinders were filled with 0.2 Jim filtered water 
from 1000 m to 2000 m depth. The trap array consisted of a surface buoy that carried an 
Argos transmitter integrated in a Benthos sphere, an EBAK 27 MHz radio transmitter and a 
Xenon flasher; twelve (first deployment) or eleven (second and third deployment) Benthos 
spheres as floats; the trap at about 150 m depth and an Aanderaa RCMS current meter about 
10 m below the trap. Three or four of the spheres were afloat, in addition to the surface buoy, 
while the trap was drifting for 3 to 4 days. Due to the ARGOS system the position of the 
drifting trap was recorded several times per day. 
Coccottihophore sampling (ETHZ) 
Coccolithophore sampling during P212, P233 and P237 were carried out using a newly 
developed low vacuum filtration unit (Fig. 3.2.1). The design of this filtration device is based 
on the experience gained during earlier campaigns at the JGOFS time series stations Bermuda 
and Hawaii. Thanks to the offer of Prof. Gerold Siedler to test this new device during P212, 
the performance of the unit could be significantly improved especially by the advice of Uwe 
Koy from KMK, and Andrea Spiedt, GeoB, The simultaneous filtration of sea water from up 
to twelve different depth levels enabled the sampling of coccolithophores at nearly each 
station during all subsequent cruises within the CANIGO project including P233a and P237/4. 
JAL JZL r \ 
Vacuum 
<200mmH£j 
Fig. 3.2.1: Low vacuum filtration device used for filtration of coccolithophores during all 
CANIGO cruises. A; 10 litre carboys; B: 47mm in-line filter holders; C: Stopcock valve; D: 
large water trapping tank; E: membrane vacuum pump. Up to 10 litre of sea water were drawn 
off from Niskin bottles and filtered through Nucleopore® filters. 
1 
The sampling strategy was as follows: Carboys were rinsed twice (about 0 J litres) with tap 
water in order to avoid contamination and then up to 10 litres of set water were ttmsfcraed 
from the rosette Niskin bottles into the carboys from the following depth levels: 0 (bucket), 
10, 25, 50, 75, 100, 125, 150, 200, 250, 300 meters. Within one to three hows the sea water 
was filtered onboard through Nucleopore filters (0.8pm, 47 mm diameter) using the new 
filtration device (see Fig. 3.2,1), Filtration was terminated if the filter became clogged up and 
the amount of remaining water was measured and noted. After filtration the filter membranes 
were rinsed with 50ml buffered destilied water (NfttOH, PH8.5) in order to eliminate all 
traces of sea salt. Rinsed filters were transferred to labelled pert-dishes and dried immediately 
in an oven at 40°C for several hours. 
Later ashore, coccolithophore cell density (#/l) and taxonomic composition were determined 
using a Scanning Electron Microscope, For these analyses a piece of filter along the filter 
radius was mounted cm an aluminium stub using carbon tape and coated with 15 nm of gold. 
All counts were done with a HITACHI S2300 and a Philips XL30 SEM at a magmfication of 
X3000. Bom SEM were equiped with a computer controlled stage. The following set-up was 
used to count all samples (see Pig. 3.3.2): 
A fixed area in each filter was analysed along a transect from the centre to the edge of a filter, 
Thirty to forty equidistant tracks of observation were analysed along tius transect. Each track 
of observation consists of 64 single screens each 900 pm2 large at a magnificatioit of 30003C 
(for details see Fig. 3.2.2). 
B 1 Track of observation 









Fig. 3.2,2; Schematic diagram of the counting method used. A: A sector of a filter is mounted 
on an aluminium stub. The count direction is from xt to x2. B: 20 to 33 tracks of observation 
were analysed. Each track consists of 8x8 screens at a mapification of x3000. C: The area of 
a screen is 30x30 pm. 
10 
To quantify the number of coccollthophores in one litre of water, the folowing formula is 
used: 





CD = Cell density (ceils per litre sea water) 
A = Filtration Area 
N = Total number of individuals 
a = observed area 
v~ volume of filtered water per litre (1) 
Coccolithophore culture isolation (ETHZ) 
Four single plankton nets with lOum and 20pm mesh size weie attached to a METEOR rope 
and released down to about 100m water depth. Subsequently, the nets were pulled slowly back 
to the surface and carefully rinsed with sea water on board. The catch were transferred into 
plastic vials and isolation of single coccolithophore ceils was immediately started. Single 
coccolithophore cells were isolated under the light microscope and transferred into small vials 
with different nutrient concentration. Subsequently, me vials were stored on deck in a 
continuous sea water flow bath in order to keep the temperature comparable to the natural sea 
surface temperature. In addition, the cells were protected against direct sun light with a neutral 
density filter foil. Upon to the return to the shore laboratory, each isolate was checked and the 
species were identified using a scanning electron microscope. Key species like Gephyroeaps® 
oceanica were separated and subsequently cultured under different environmental conditions 
in order to study their morphology, genetic and ecology. 
Diatom sampling (ETHZ) 
to order to sample diatoms two different sampling strategies were applied, first diatom water 
sampling and second diatom plankton net sampling. 
For sampling of diatoms in sea water, 300 mi sea water were transferred from the rosette 
Niskin bottles into plastic bottles and preserved with 30ml Formol which was buffered to a 
pH of 8 with Hexamethyl-Tetramin. In total eleven water depth levels were sampled at each 
station: 0,10,25, 50,75,100, 125,150,200,250,300 meters. 
In addition to the water sampling, a plankton net with 63 pm mesh size was used to sample 
diatoms within the upper 100 m of the water column (integrated sampling). The net was 
released to 100 m water depth and it was pulled with 0.3 m/s back to the surface. 
Subsequently, the net was rimed with sea water and the catch was transferred into a plastic 
bottle and stained with Glutardialdehyde. 
11 
1 
to subsequent analyses a light microscope and if necessary a Seaming Electron. Microscope 
(SEM) were used, to determine the diatom standing stock and assemblage composition. 
Planktic foraminifera sampling (ETHZ) 
Planktic foraminifera were collected with a multi-closing-net (mesh size 64|im) at five depth 
intervals (500^300,300-150,150-50,50-25,25-0). The multinet-samples were preserved on 
board with a saturated solution of HgCl2 and stained with Rose Bengal. In addition, sea water 
was taken at the base of each net-interval for stable isotope analyses (4mO- and d°C). These 
samples were preserved with HgCfe and the glass bottles were sealed with Paraffin to prevent 
the oxidation of organic matter. All samples were stored immediately in a fefirigerator at 4SC. 
In future analyses the assemblage composition of foraminifera will be detenttined. Stable 
isotope analyses of selected foraminifera species as well as the stable isotope composition of 
sea water will be analysed. 
12 
4, POSEIDON c r a t e P202/1 
4.1. Cruise narrative of P202/1 
P202/la, 01.09. -14.09.94, Breinerhaveii - Funchal 
The cruise began in Bremerhaven on the 1st of September, J 994. Under fairly good weather 
conditions which persisted throughout the cruise, we quickly reached position N2 (for 
positions see maps in Sec. 4.2 and tables in Sec. 4.3 and 4.4) where on the 6th of September 
mooring 326-2 with a sound source was recovered after 3H years of deployment (station 756). 
A CTD profile also was obtained. Two days later, 8th September, the second sound source 
within mooring 345 at position G within the economic zone of Portugal was recovered. 
Again outside the economic zone of Portugal, on station 758 the first test with the KMS CTD 
was performed. The position is close to a station of CTD tests made in 1992, and chosen to 
test the response of CTDs to step like structures with scales of 0.2 m and less below the saline 
Mediterranean water tongue. 
On the 9th of September we reached position A where the third sound source within mooring 
324-3 was recovered. To control eventual drifts of clocks in sound sources by measuring 
travel times between fixed positions, two RAFOS floats were moored; they were recovered in 
mooring 346 on the 10th of September. At the same position, another test with the KMS was 
performed with repeated profiles at great depths. 
POSEIDON called in to Funchal, Madeira, in the morning of the 12th of September to 
exchange mooring equipment, and to embark a colleague from the XEO at Sta. Cruz, Tenerife, 
and two scientists for the JGOFS programme. During our stay, the captain and four members 
of the crew enjoyed an evening reception in the house of the German consulate, Frau E. 
Gesche. 
P202/lb» WM, - 24.09.94, Funchal - Sta. Craz d* Tenerife 
POSEIDON sailed again on the 15th of September to reach position LI on the 16th of 
September. Here we recovered the JGOFS mooring LI with particle traps. However, due to a 
current event in the Azotes Current with a strong barotropic component 4 months after 
beginning of recording, the mooring tilted extremely which forced the top buoy down to 
overpressure. As a result the top buoy scrunched and the uppermost trap and the uppermost 
current meter at 200 m nominal depth came upside down. Nervertheless, due to enough back 
up buoyancy, the mooring stayed vertically in the rest of the time. 
On the 17th of September, close to LI, mooring 276-14 at position HEL276 was recovered. 
Here, too, the Azores Current event had tilted the mooring and scrunched the top bouyancy. 
But contrary to LI, less back up bouyancy put the upper most instruments down to the bottom. 
Thus data are only available from the 3000 ra depth level. The combined current meter and 
particle trap mooring 276-15 was deployed on the 18th of September at the position of 
KIEL276. Two CTD stations and a hydrocast down to 2000 m completed the work on this 
positions. 
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On the 19th of September we recovered mooring 364, supplemented with a CTD on that 
position. 
Heading towards the Canary Islands, we reached the ESTOC position on the 22th of 
September to deploy the ESTOC current meter mooring 367 at a water depth of 3610 m. A 
CTD station was taken afterwards. Next day, 23rd of September POSEIDON called port of 
Sta, Cruz de Tenerife where the scientific crew changed with Dr. M. Knoll as new chief 
scientist. 
P202/1C, 25.09, - 08.10.94, Sta, Crux de Tenerife - Las Palmas 
POSEIDON left Sta. Cruz de Tenerife on 25th of September 1994 at 09 in the morning for 
station work around the Canary Islands. CTD observations were obtained on 63 station. The 
CTD (NB2) was either equipped with an oxygen sensor (24 stations) or a fluorometer and a 
lowered ADCP (39 stations), both of which were only applicable in the upper 3000 n> All 
CTD profiles were down to the bottom, unless the profile depth is noted explicitly in the 
station list in Section 4.3. 
A surface tethered particle trap was deployed three times (stations 769,792* 815) close to the 
ESTOC station and was drifting for 3 to 4 days. The position of the drifting trap was recorded 
several times per day by the ARGOS system. 
Two XBT sections were carried out to study a meddy, a meridional one along 15° 03.0* W 
with 19 XBT profiles and a zonal one along 29° 07,0' N with 15 XBT profiles. Since T5 
probes were used, the XBT profiles reached down to nominally 1800 m thus covering the core 
of Mediterranean water mass. Close to the ESTOC station, a bongo net was lowered once to a 
depth level of 200 m. On the 7th of October at 09 in the evening, the station work was 
finished and we reached Las Palmas on the 8th October 1994 at 09 in the morning. 
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4.2, Cruise track of P202/1 
Poseidon 202/1 a-1b 
30°W 26aW 22°W 18°W 14°W 
Linge 
1Q°W e^w 2aW 
Poseidon 202/1 c 
t r w is*w i r w 16°W tS°W 
Linge 
146W 13°W ta^w 
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4,3. Mooring work during P202/I 




















































































a: ADCP (moored) current meter 
c; RCM8 current meter 
m; moored RAFOS float 
s: sound source 
t: particle trap 
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45, Sampling during P202/1 
During P202/la~b, some water samples were taken from deep levels and from close to the 
surface to calibrate the CTD's conductivity sensor for salinity calculations. During P202/lc, 
on each station water samples were obtained with a GO multisampler (21 x 10 1) if possible 
from the following 20 depth/pressure levels: 2 x bottom, 3000 dbar, 2500 dbar, 2000 dbar, 
1500 dbar, 1300 dbar, 1200 dbar, 1100 dbar, 1000 dbar, 800 dbar, 600 dbar, 400 dbar, 200 
dbar, 150 dbar, 100 dbar, 75 dbar, 50 dbar, 25 dbar, 10 dbar and the depth level of maximum 
chlorophyll content. On station 802 the multisampler did not work properly and no water 
samples were obtained. The water samples were analyzed for salinity, oxygen, nutrients, 
chlorophyll and heavy metals (aluminium, cobalt, nickel, zinc). Some water samples were 
already analyzed onboard of the ship, others after the cruise in the laboratory. At stations 771, 
788, 815, 796 and 822 additional water samples were taken in the upper 500 m to study 
phytoplankton growth and microzooplankton grazing rates. At the following stations no 
samples for metal analysis were taken: 791, 793, 802, 810-815, 823, 825 827 828 In 
addition, at station 771 and 829 calibration casts with 6 bottles were carried out in the top and 
below the thermocline, respectively. Those will be used to determine the reproducibility of 
determinations. J 
20 
5. POSEIDON cruise P212 
5.1. Cuise narrative of P212 
P212/1, 12.09, - 18.09,95, Lisbon - Las Palmas 
POSEIDON arrived in Lisbon, Portugal, on 11.09J 995. Tne task of the chief scientist was 
transferred on 12.09 to Prof. Dr. G.Siedler who had already cooperated with the German 
Embassy in Lisbon on 11.09. in preparing a press conference and a reception for Portuguese 
officials and marine scientists which were held on 12-09, Personnel were exchanged and 
laboratories were equipped on 13.09. 
POSEIDON departed from Lisbon on 14,09., 08.00 and headed directly for Las Palmas, Gran 
Canaria. Some underway repair work was necessary on instrumentation that had already been 
used on earlier legs of the cruise. On 15.09. the CTD NB1 was lowered for a test at Station 
786, and the ICTD 1349 (made by FSI) was similarly tested on stations 787 and 790 (see map 
in Sec. 5.2 and the station list in Sec. 5.3). Five RAFOS floats of the EURQFLOAT program 
were launched on 5 positions en route between 15.09. and 17.09. (stations 787 - 791). The 
ESTOC mooring no.367-1 which had been launched on 22.09.1994 was recovered on 17.09. 
and replaced by the new mooring no.367-2 on 18.09. During the night from 17.-18.09. tests 
were performed on acoustic releases, a Plankton multinet and both CTDs. The ship arrived in 
Las Palmas on 18.09., 16.30. 
P212/2, 19.09. - 29.09.95, Las Palmas - Las Palmas 
Three members of the scientific party left on 18. and 19.09,, respectively, and 4 Spanish 
scientists joined the ship on 19.09. and installed their chemical equipment while the ship was 
in port. The captain and the chief scientist paid a visit to the German consul in Las Palmas on 
19.09. to inform him about trie ongoing cruise and future Spanish-German marine programs in 
the Canary region and to provide material for a press release. 
POSEIDON left Las Palmas on 20.09., 08.00, and headed to a position about 10 miles north 
of the island of La Palma (see map in Sec 5.2 and the station list in Sec. 53). There the work 
began on a section to a position 40 nautical miles farther north and from there eastward across 
the ESTOC position and through the Strait of Bocayna between the islands of Lanzarote and 
Fuerteventura to the African continental slope. 
The ship then went to die northeastern corner of LanEarote to begin a section across the 
Canary Current between this island and the African continental slope. This was supplemented 
by another section between Fuerteventura and the slope. POSEIDON then occupied a station 
to the south of Fuerteventura to test the ICTD. The leg ended with an XBT section between 
Fuerteventura and Gran Canaria, including one CTD cast (station 839) in the middle. 
POSEIDON arrived in Las Palmas again on 29.09., 08.30. Personnel was exchanged in port, 
and the Spanish scientific group from the DBO Tenerife was replaced by 3 scientists from the 
ICCM Telde and 2 scientists from the University of Las Palmas. 
21 
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P2120, 30.09. - 08.10.95, Las Patoas - Sta. Cruz de Tenerife 
The ship departed on 30.09., 1830. After the passage to the ESTOC position (see map in Sec, 
5,2 and the station list in Sec 53) work started with the launching of a drifting particle trap, 
followed by CTD casts. The ship then went to a position to the southwest of Fuerteveatwra 
(station 842), and section work began again on a track along the western side of Fuerteventura 
and Lanzarote to the north (station 846) and from there westward on a zonal course to a 
position north of ESTOC (station 851). After retrieving the drifting particle trap for the first 
time, the trap was relaunched at the ESTOC position, and CTD measurements were performed 
at this location. A north-south section to Tenerife followed to station 859, and consecutive 
sections between Tenerife and Gran Canaria and from there to Fuerteventura (station 867). 
The vessel then returned to the ESTOC position in order to recover the drifting particle trap 
and to perform standard time series station operations at ESTOC again. After a passage to La 
Paima (station 870) the final section of P2I2/3 led from there to the north coast of Tenerife. 
POSEIDON arrived in the port of StaXruz on 08.10., 09.00. The complete scientific group 
was exchanged, and the task of the chief scientist was transferred from Prof. Dr. G. Siedler to 
Dr. T.I M«iier, A reception for the participants of the Second ESTOC Workshop, for 
scientists of the University of La Laguna and local officials was organized in collaboration 
with the German consulate in StaXruz. Participants of the cruise joined the 2nd ESTOC 
workshop organized by the IEO in their facilities in Sta. Cruz. 
P212/4, 09.10. -18.10.95, Sta. Cruz de Tenerife - Funchai 
POSEIDON sailed for leg P212/4 from Sta, Cruz on 10.10., 19.00 heading westward to the 
position SQ3 at 29°N, 22°W (see map in Sec. 5.2 and the station list in Sec 53) where the 
sound source mooring V370 (station 875) for EUROFLOAT was launched on 12.10. CTD 
profiles were taken on this and all other mooring sites as well. Heading northward along 
22°W, 4 floats were dropped (stations 877 to 880). An XBT section along 22°W began at 
3i°J0'N to detect the Azores Front. On position SQ2 at 32°50'N, 022*W, the second sound 
source was placed in mooring V369 (station 880), close to mooring site KIEL276, Mooring 
KJEL276-15 was replaced by KBEL276-I6 (stations 882 and 883), a special hydrocast (station 
881) and a deep CTD cast (station 884) were taken close to the mooring site, Heading 
northeast to cross the Azores Front, XBTs No. 11 to 26 and floats 5 to g (station 884 to 887) 
were dropped, and a CTD cast (station 887) occupied at 35°50*N, 20*05^, Then heading 
southeast, the front was crossed a second time launching XBTs No. 28 (No. 27 failed) to 38 
and the last two floats (station 888 and 890). POSEIDON called port of Funchai on 18.10., 
09.CX). 
P212/5, 19.10.-29.10.95, FundM.Bremerhaven 
The German Honory Consul in Funchai, Frau E. Gesche, had been invited to the ship for 
lunch, and a party of 6 visited her house next evening for a cocktail. The chief scientist was 
contacted by a member of the marine biology group of the University of Madeira, Dipi-Biol, 
Kaufmann, and vjsited his laboratory. 
22 
The two guest scientists from AINCO and the two members of the IfM marine chemistry 
group left early in the morning of 20JO, The 3rd sound source was delivered onboard, and 
POSEIDON sailed on 20.10., 09,00. Almost on the way at position SQl, the 3rd sound source 
was placed in mooring V3# (station 892) at 36°35'N, 016°4O.5*W (see map in Sec. 5.2 and 
the station list in Sec 5,3). The final CTD cast was taken close to the mooring (station 893). 
Heading directly to Bremerhaven and supported by strong to stormy southerly winds in the 
Gulf of Biscay, POSEIDON was in port of Bremerhaven on 29.10, in the afternoon. 
23 
1 




















i9°w t8°w i r w t r w ts*w 
Ltnge 
14*W 13"W T2°W 
Poseidon 212/4-5 
38°N 





2 T N - s a a ••% 









































































Launch mooring V370 
(SQ3 sound source) 
Launch mooring V369 
(SQ2 sound source) 
Recover mooring 276-15 
(current meters, 
particle traps) 
Launch mooring V276-16 
(current meters. 
particle traps) 
Launch mooring V368 
(SQI sound source) 
26 







































































































































































































































































































































































































































































































(Strait of Bocayna) 
disbanded because of 
















































































































































































































































































































































































































































































































































































Launching drifting particle 
trap no.7848 ._ 
30 















































































































































































































































































































Retrieval drifting particle 
trap 




































































































































































































Sail Sta. Cruz 


















Launch mooring V369 
{sound source) 
XBT10 
2 x' hydrocast, GoFlo, 
(1000m, 2000m) 
Recover mooritig 276-15 
(current meters, 
particle traps) 



















































































































































































































XBT 33, failed 











Check acoustic release 





5.5. Sampling during P2I2 
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6* POSEIDON cruise P233 
&1. Cuise narrative of P233 
P233&, 05,09. -21.09.1997, Lisbon - Las Pataias 
POSEIDON left Lisbon on 05.09,1997 at 09:00 heading southwestward. Due to a request 
from the Institute de Oceanografia, Univ, de LIsboa, (CANIGO Task 4.3.3: Dynamics of 
Medifeixanean Outflow and meddles - Lagrangian rrieasureraents} two raocdnp (101,102), 
which were both equipped with a sound source at about 1000 m and a release, were deployed 
during the approach to the hydrographic CANIGO box (see map in Sec. 6,3 and the station list 
in Sec. 6.4). The position of mooring 102 was reached on 06.09.1997 in the early morning and 
the mooring was deployed immediately, About 6 hours later POSEIDON reached the position* 
where the mooring 101 was set at a water depth of about 4000 ra. Just south of the mooring 
position 101 a CTD test station was carried out down to a water depth of 3000 m. Afterwards, 
POSEIDON headed to the position close to the African shelf to start the work on the 
hydrographic CANIGO box. The new POSEIDON GG24 receiver from Ashtae was installed 
and four antennas of the ADU2 were mounted on the very top of the mast Both units 
improved the vessel-mounted ADCP data. 
On the hydrographic box, which extends from the African shelf towards Madeira, then 
southward to La Palma and back to the African shelf, CTD/LADCP stations were made. Most 
of the stations were already sampled during the METEOR cruise M37/2 in January 1997. The 
CTD was equipped with an oxygen sensor. At stations with a water depth of less than 3000 m 
an in-situ fluorometer was also attached. On each station water samples were obtained with a 
GO-rosette equipped with 21 x 10 1 Niskin bottles. The water samples were analyzed for 
salinity, oxygen, nutrients, chlorophyll a and coccolithopborids. At five stations the water 
samples were also analyzed for diatoms and stable isotopes. Samples of oxygen and nutrients 
were taken from every bottle, while chlorophyll a and coccolithophorids were only analysed 
from the upper 200 m and 300 m, respectively. The exact sampling levels for each station and 
parameter are shown in Section 6.5. The salinity samples, which were mainly taken from the 
uppermost and lowest bottle were analyzed on board using an Guildline Autosal salinometer. 
On 14.09.1997 the ship's gyro started to fail, but since it is essential for good vessel-mounted 
ADCP measurements, we decided to have it repaired in port POSEIDON left the 
hydrographic box after station 592 and headed for Las Palmas, where we arrived on 
15,09.1997 at 09:30. After the installation of a new ball within the gyro, POSEIDON left Las 
Palmas again on 16.09.1997 at 19:30 and headed back to station 593 to complete the 
hydrographic station work. After the CANIGO box was finished, two further sections were 
made between Fuerteventura and Africa, A total of 73 CTD profiles were carried out on 70 
stations. 
After the last CTD station was completed POSEIDON continued the vessel-mounted ADCP-
section northward along the African shelf to the position of station 608. The section between 
the stations 608 and 595 was repeated with the vessel-mounted ADCP. Afterwards, 
POSEIDON returned to Las Palmas, where it arrived on 21.09,1997 at 09:00. 
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r233b, 23.09.-26.09.1997, Las Palmas- Las Palmas 
In port, the scientific crew partially changed: Chief scientist M. Knoll, the group of chemists 
from the ICCM and die observer from Morocco disembarked, the new chief scientist TJ. 
Mttller took over, and four bio-geochemists from GeoB and a physical oceanographer from 
the DEO embarked. POSEIDON sailed in the morning of 26.09.199? heading for the mooring 
position LP north of La Palma (see map in Sec. 6.3 and the station list in Sec. 6.4). 
Close to LP, station 632 was obtained with the CTD/rosette on 24.09.1997 early in the 
morning, sampling water was to be sent to J. Scholten (Univ. Kiel). Later the same day, GeoB 
mooriig LP-1 was recovered, and GeoB mooring LP-2 was set at almost the same position 
without any problems. After the mooring work, water samples were taken down to 200 m with 
the CTD/rosette, In the evening, POSEIDON headed for GeoB mooring CI-7 at ESTOC. On 
the way, water samples were taken from the upper 500 m of the water column to start the 
incubation experiment onboard. 
In the morning of 25.09.1997, the GeoB particle trap mooring CI-7 was recovered, m the 
afternoon at a position about 10 nm northeast of the CL two systems with drifting particle 
traps were launched for 4 days to measure the particle flux in the upper water column which 
cannot be achieved with moored instruments. Close to the drifting traps, water samples were 
taken from the upper 200 m to perform incubation experiments on plankton growth rates. On 
the return to the mooring position, a deep CTD/rosette profile was obtained to sample water 
for salinity (IfMK) and nutrient analysis (IEO). 
In the morning of 26.09.1997, GeoB mooring CI-8 was set. The same day late in the 
afternoon, POSEIDON called port of Las Palmas to exchange personnel and equipment. 
P233c, 28.09, - 05.10.1997, Las Palmas - Las Pahnas 
In port, two scientists from IfMK, two from GeoB and the physical oceanographer from IEO 
disembarked, and two scientists from each, IfMK, IEO and ULPGC embarked to perform the 
planned mooring work. The vessel sailed 28.09.1997 in the morning heading for the position 
of ESTOC/367-3 (see map in Sec. 6.3 and the station list in Sec. 6.4). This IfMK mooring was 
recovered in the afternoon without any problems. Again, water samples were taken from the 
upper 200 m for the incubation experiment, and a CTD/rosette profile was obtained close to 
the bottom. Next morning, 29.09.1997, IfMK mooring ESTOC/367-4 was launched. 
However, the upper buoyancy did not dive after the anchor was slipped since one of the 
Kevlar ropes had broken next to a fitting due to wiggling of the rope around that fitting. Thus, 
the mooring needed to be recovered and reset. Later in the evening of the same day, the two 
drifting particle trap systems were recovered and reset close to the position of the first launch 
next morning, 30.09.1997. 
POSEIDON then headed towards the EBC array of 5 moorings east of Lanzarote. The vessel 
reached the array in the evening. Here, the first two stations of a CTD section were obtained 
close to the mooring section. On 01.10.1997 in the morning we recovered IfMK mooring 
EBC2/378-1 without any problems. However, the next mooring EBCl-1 of ULPGC which 
had been set on the continental shelf break off Africa in January 1997 with METEOR did not 
surface although the release confirmed release several times with different deck units. A 
survey with GPS/GLONASS positioning (better 50 m) and hydrophone ranging from 4 
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positions between the vessel and the release resulted in a position of the release at 28°39.925* 
N, 012°56.808\ very close to its nominal position estimated during the launching procedure 
tram METEOR (28°39.9' N, 012°56.8' W). Another ranging above the releaser's position 
gave a distance of 486 m, which is the same value as the depth measured with POSEIDON'S 
echo sounding system. It therefore was concluded that mooring EBC1-1 had been cut below 
the deepest buoyancy causing the releaser to stay at the bottom. The upper part of the mooring 
obviously was no longer in site and had to be given up. 
With five CTD stations, the section was continued. Next day, moorings EBC3/377-1, EBC4-
1, and EBC5-I were recovered. Mooring EBC3/377-2 was set with an optical sensing nutrient 
recorder. With three CTD stations the section was completed. Next day, the setting of 
moorings EBC4-2 and EBC5-2 completed the work east of the islands in the afternoon of 
03.10.1997. We then sailed towards the drifting traps and took the occasion for a grill party on 
deck celebrating Germany's unification day. 
Near ESTOC we successfully recovered the drifting traps, and then finished the work of this 
leg with the ESTOC October 1997 station. POSEIDON called in to Las Palmas on the 
06.10.1997 in the morning. 
P233d, 07.10. -10.10.1997, Las Palmas - Portimao 
After unloading, exchange of personnel and loading we sailed again in the evening of 
07.10.1997 for the short leg to Portimao. On the ESTOC position (see map in Sec. 6.3 and the 
station list in Sec. 6.4), a CTD/rosette station was taken for anthropogenic tracers (CFCs) 
followed by trace metal sampling with in-situ pumps and a special rosette, and by a plankton 
net haul to 30 m. Steaming east to the EBC array on the African shelf and then towards 
Portimao to close the CANIGO box with ADCP measurements, we took two farmer plankton 
hauls. We called port of Portimao on 10.10.1997 in the morning. 
' 
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63. Mooriiip during P233 
lOl, I02 
lOl 
Top buoy to water: 06.09,1997 15:12 UTC 
35*27,0014 10° 11.73^ 
Anchor slipped; 06.09.1997 16:46 UTC 
35'28.67-N 10*li.57*W 









06.09.1997 05:33 UTC 
36° 06.63^ 11* 11.381V 










r, mooring recovered s: mooring set f: failed to recovered 
ADCP: Acoustic Doppler Current Profiler ACM: Aanderaa current meters 
ICM: Influx current meters (AWI type) ISP: in-situ pimps for trace metal samples 
ST: particle flux trap SoSo: sound sources, transrnmion times are UTC 
n> Date set/ Latitude N Depth 
1997 rec Longtta^eW m 
P233a 
IOl 06.09. s 35°28.5* 4027 SoSo34 in 1127 ni, transmitting 01:0X>, 0 9 m 17:00 
10° 11.6' 
102 06.09. s 
P233i> 
LP-1 24.09. r 
LP-2 24.09. s 
ESTOOa-7 25.09. r 

















































4812 SoSo35 to 1112 m, transmitting 01:32,09:32,17:32 
4327 ACM in 859,1551,3798 m; ICM in 1029 m 
ST in 1109,3778 m 
4348 ACM in 517,1190,2991m; ICM in 717 m; 
ST in 692,2966 m 
3610 ACM in 3070 m; ICM in 770,1030 m; 
ST in 750,1010,3050 m; ISP in 870,890 m 
3610 ACM in 3070 m; ICM in 770 m, 1030m; 












ADCP in 190 m; 
ACM in 270,500,800,1200,2000,3550 m 
ADCP in 190 m; 
ACM in 270,500,800,1200,2000,3550 m 
ACM in 160,300,500,720,950 m; 
ST in 700 m 
mooring with 3 ACM lost 
ACM in 160,300,500,720,950 ra; 
ST in 700 ra 
ACM in 160,300,500,870,1230 m; ICM in 720 m; 
ST in 700m 
ACM in 150,300,500,800,1230 m 
ACM in 150,300,520,950 m 
ACM in 160,300, 500,870,1230 m; ICM in 720 m; 
ST in 700 m 
ACM in 150,300, 520,800,1230 m 
ACM in 150,300,520,950 m 
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6.4 Station list for P233 
Instruments: CTD, (lowered) LADCP, fluorometer (fl), multinet, plankton net (diatoms/coccolithophorids) 


































































































































































































































































CTD/LADCP/fl (3000 m) 
plankton net coc. (100 m) 
CTD/LADCP/fl 
CTD/LADCP/fl 
































multi net (500 m) 
plankton net dia. (100 m) 








tnulti net (500 m) 



























































































































































35 i 29° 01.07 14" 44.01' 
:
 29° 00.40' 14° 43.40' 
36 28° 55.99' 14*22.00' 
37 28° 52.61' 14*06.16" 
38 28° 50.96* 13° 56.21* 
28s8 50.80* 13° 58.00" 
. 28s 50.80' 13° 58.00* 
















28° 46.03' 13° 33.11* 





















55 i 28® 16,98' 
56 j 28s 18.55' 
57 | 28° 19.99* 
58 j 28° 21.46' 
59 28° 23.03' 
60 j 28° 24,78' 
































3608 irate net (500 m) 
3608 plankton net da . (100 m) 
3607 CTD/fl (500 m) 
3576 CTD/LADCP 
3513 CTD/LADCP 




977 multi net (500 m) 
977
 ; plwtt«» net dia. (100 m) 
871 CTD/LADCP/fl 
1213 j CTD/LADCP/fl 
1212 j plankton net dia. (100 m) 
1276 : CTD/LADCP/fl 





multi net (500 in) 
plankton net dia. (100 m) 
1055 1 malt! net (500 m) 
1055 ! CTD/LADCP/fl 
1038 : plankton net dia. (100 m> 
798 ; CTD/LADCP/fl 
591 CTD/LADCP/fl 












i plankton net dia. (100 m) ,„ 
97 i CTD/fl 
59 | CTD/fl 
48 i CTD/fl 
53 I CTD/fl 

















































































































































































































4325 | CTD/rosette; samples for 





recover mooring LP-1 
set mooring LP-2 
CTD/rosette,; 150 ra; 
plankton samples 
4232 ' CTD/rosette; 500 m 
plankton samples 
3610 • recover mooring CI-7 
3610 set drifting traps, 500m; 
set drifting Wraps, 200m; 











nutrients and salinity 
set mooring CI-8 




recover mooring 367-3 
CTD/rosette, 200 m 
plankton samples 
CTD/rosette near to the 
bottom 
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set mooring 367-4 
recover drifting trans* 
set drifting traps, 300 m; 
set drifting (saps, 500 m; 
CTD/rosette, 200 in; 
plankton samples; 





try to recover mooring 
B8C1; search; acoustic 
release positioned lying it 
bottom; not recovered 








recover mooring EBC4-1 
recover mooring EBC5-! 
set mooring EBC3/377-2 
CTD 
CTD/rosette near EBC3; 
nutrient samples in AATW 
core 
CTD 
set mooring EBC4-2 
set mooring EBC5-2 
recover drifting taps, 
200m 
recover drifting tups, 
500m 
CTD/rosette, 200 m; 
plankton samples 
CTD/rosette, E5TOC Oct 
1997 station; 
plankton net* 200m, WO _ 
pott of Las Palmar, 
endofP233c 
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sail Las Palmas 
ESTOC position: flushing 
rosette bottles; 2000 m; 
CTD/rosette near to the 
bottom; tracer samples; 
in-situ pumps, 1000 m; 
trace metal samples; 
trace metal special 
rosette, 1000 m; 
plankton net, 30 m, ETHZ 
plankton net, 30 m, ETHZ 
009"50,0* 592 j plankton net, 30 m, ETHZ 
i port of Portimao 
47 
! 
6.5. Sampling during P233 
0 (oxygen), N (outrieRts), CI (chlorophyll), S (salinity), Co (Coccolithophorids), D (diatoms), 
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Sampling P233 (continued) 
0 (oxygen), N Cmatrieiits}, CI {chlorophyll), S (salinity), Co (Coccolithophorids), D (diatoms), 




































































































































































































































































































































































































































































Sampling P233 (continued) 
Sample. 0 (oxygen), N (nutrients), CI (chlorophyll), S (sniiatty), Co (Coccotilhophorids), D (diatoms), 
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600|°>N 
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Sampling P233 (continued) 
Samples! O (oxygen), N (nutrients), Ci (chlorophyll), S (salinity), Co (Ceccolithophorids), D (diatoms), 
I (stable isotopes), - no bottle closed 
Pres 
(rffoar) 










































































































































































































































































































































































































































































0 (oxypa), N {niiowrts), Ci (chlorophyll)* S (safaity), Co (Ceccolith^wkb), D C 
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Sampling P233 (continued) 
0 (oxygen), N (imtrieate), CI (chlorophyll), S (salinity), Co {Coccolitboptwids), D (diatoms), 
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7. POSEIDON cruise P237/3 
7.1. Cruise narrative of P237/3 
P237/3, 02.04 -17.04.1998, Las Palmas - Las Palmas 
Thank's to the ship's agent in Las Palmas, Rick Canarias, a spare O-ring for the LADCP that 
was delivered last-minute by the manufacturer and that did not fit, could finally be found in 
their ship handler's store, Although this unexspected search for the spare caused a delay of a 
few hours before sailing, it saved the LADCP measurements of the cruise. 
On 02 April, 14:00 It., POSEIDON sailed from Las Palmas. Course was set to north of Gran 
Canaria where a drifting particle trap that had been launched close to the ESTOC position (see 
map in Sec. 7.3 and the station list in Sec. 7.4) during the previeous leg, was recovered late 
evening the same day. Next day in the morning, a test station with CTD/rosette/LATXJP was 
performed east of Lanzarote (Sta. 121) at 1000 m water depth. The 29°N section then began 
with CTD/rosette/LADCP and sampling (see Sec. 7.5) for oxygen, nutrients and 
coccolithophores on station 122 on the African shelf. East of Laozarote, the section runs 
parallel to an array of 4 moorings with current meters and particle traps that is operated by 
DFMK, the IEO, the ULPGC, the GeoB, and the ICCM that has installed a nutrient recorder. A 
fluorometer was attached to the CTD on all stations with water depths less 3000 m, and at the 
ESTOC and LP stations, to addition, plankton hawls were performed down to 500 m on some 
stations. 
The April ESTOC 1998 station (Sta. 140), close to which a current meter and a particle trap 
mooring are operated by IFMK and GeoB, was taken with hydrographic parameters (ICCM) 
on 05 April. The western-most position on the 29°N section was reached on 07 April (Stat. 
147). Next was the LP station (Stat. 148), which is close to a CANIGO mooring with particle 
traps and current meters operated by GeoB. Without major problems we proceeded 
northwards along 18°W to Station 153 southwest of Madeira where the eastbound section 
along 32°25'N began. 
On 11 April (Sta. 159), we encountered strong northerly winds (gating up to 9 Beaufort) with 
high swell which forces us to constrain station work to day-light until 14 April (Stat. 163). We 
completed the section with station 168. The eastern side of the box was closed with vessel-
mounted ADCP measurements along approximately the 200 m depth contour until the 
position of station 122. 
Station work finished with a multinet hawl west of Lanzarote that repeated a hawl that had 
failed at the beginning of the cruise due to closing problems of the net. At this position, also 
the 12x21 rosette of the ICCM was tested down to 1100 m. 
POSEIDON called port of Las Palmas 17 April, 08:00 It. 
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7.2, Cruise track of P237/3 
Poseidon 237/3 
19°W i r w 15"W 13°W 
Linge 
11°W rw 
7 J , Moorings during P237/3 
All ESTOC and CANIGO mooring work was done during the preceedtng cruise leg. 
, r 






CTD profile no., rnonotonically increasing Airing the cruise 
Water Depth 
Type of instrumentation or morning or equipment 
PTEAP: Drifting particle traps 
MN ; Multiple closing plankton net 
MBX : Neil Brown CTD probe no X with 21x101 bottle rosette 
taken from tTD/rosette: 
i F Floorometer attached to CTD 
2 A lowered ADCP (LADCP) profile taken, ADCP attached to CTD/rasette 
3 C selfcoffltsined CTD of ICCM attached to rosette 
4 O oxygen 
5 N nutrients 
6 C chlorophyll 
7 S salt 
8 C coccolithophofes 
9 D diatomes 
































































































































































































































































































































Station list 1237/S (continued) 
Par. ter no 




Latitude longitude Wd Inst 
Mortfa West 
GG Ml.MM SSG MM.HK fm] 
1 2 3 4 5 6 7 8 3 10 
F A C O M C S C D I 









































































































































































































































































































































































































ICQf Rosette, test 800 HI 
MB4 0 1 0 1 1 0 1 0 0 ! 
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1CCM Rosette, test 1100 m 
Call port of Las Paimas, 
ead of P237/3 
5? 
7 J . Sampling during P237/3 
Sampling levels for each station P237/3 
Sampler O (oxygen), N (mitrieirts), CI (chlorophyll), S (salinity), Co (Coccolithophorids), D (diatoms), 
I (stable isotopes), - no bottle closed at that level, * bottle failed closing 







































































































































































































Sampling levels for each station P237/3 (continued) 
Samples; O (oxygen), N (nutrients), CI (chlorophyll), S (salinity), Co (Coccolittiophorids), D (diatoms), 
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Smq^iBflcvfiflSDrcMkftitloB P237/3 (conlinwii) 
O (oxygen), N (nutrients), CI (chlorophyll), £ (salinity}, Co (Cocsotithophecids}, D (diatoms), 
t (stable isotopes), - no bottle closed at that level, * bottte failed closing 
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levels tor each station P237/3 (continued) 
0 ( o x y f n X N ( 
! (stable isotopes), 
), CI (chlorophyll), S (salinity), Co (CoccoHttMphcfkb), D (diatoms), 
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8, Scientific report and first results 
8.1, Physical oceanography 
Based on the ESTOC and CANIGO cruises and as shown in die sections of potential 
temperature and salinity below (Fsg. 8.1.1. to 8.1.8), we found the following major water 
masses in the area of the eastern Canary Basin. As expected for the upwelling area off 
Northwest Africa, the surface temperature and salinity decreased towards the African coast. 
Therefore, the zonal sections to often show a westward decrease in depth of the isothermes 
and isohalines. The coastal upwelling is mainly observed during the summer and fall cruises, 
when the northeasterly trade winds reach north of die Canary Islands. In the winter season the 
trade wind system is located further south. 
Below the surface waters, the North Atlantic Central Water (NACW) with its fixed 
temperature/salinity relationship is observed in the whole area. The NACW covers a density 
area of 26.6 kg/m3 < ot < 27.3 kg/m3. Below the NACW a salinity minimum is observed with 
lowest salinity values of S < 35.25 south-east of the Canary Islands. This salinity minimum is 
caused by Antartic Intermediate Water (AATW), which moves northward along the African 
shelf in a density layer of about 273 kg/m3 < 0{ < 27.6 kg/m3. Therefore, the salinity minimum 
becomes weaker further offshore and northward. North of Gran Canaria the salinity minimum 
often exceeds 35.4, but some stations show intrusions of fresher AATW water, which probably 
has passed the sills between the Canary Islands. 
Further below in a density area of 27.6 kg/m3 < o, < 27.8 kg/m3 the warm and saline 
Mediterranean Water (MW) is observed. The southward movement of the MW is obstructed 
by the topography of the Canary Islands. The highest salinity values with S > 35.5 arc 
observed north of the islands. Between the Canary Islands and the African shelf the MW 
occurs at the bottom with salinity values of more than 35.45 . Several meddy (Mediterranean 
eddy) observations were made at the ESTOC station as well as during the different cruises. 
Within a meddy the salinity may exceed 36.2. Southeast of Gran Canaria the influence of MW 
is small, and within the MW density range the salinity values are less than 35.3. Below the 
MW the North Atlantic Deep Water (NADW) covers the whole region with only small 
temperature and salinity variations. 
Sections of potential temperature and salinity of the different Poseidon cruises along 29°N, 




Fig. 8.1.1 P202/1: Potential temperature and salinity set lion »°N 
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Fig. 8,1,2 P212/2: • Potential temperature and salinity section along 29°N 
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Fig. 8.13 P233&; Potential wn 
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FIg»S.U P233DR PMMtialten|icfatareaM! salinity section along 32*?* 
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Fig, 8.1.6 P237/3:' Potential temperature and salinity section along 29GN 
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Fig. 8.1,7 P2370: Potential temperature and salinity section along 32°N 
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83, Chemical oceanography 
Oxygen and nutrients 
(R. Santana, A. Cianea, M.G. Villagarcia, I Godoy and M J. Rueda, ICCM) 
Preliminary data of the four cruises show the basic characteristics of the water masses in the 
area. As an example, we display the oxygen distribution along the ca 29°N section for the four 
cruises (Fig, 8.2,1-8.2.4). Note that the sections of P233/1 and P237/3 are part of the closed 
CANIGG box north of the Canary Islands (see Wefer and Muller, 1998), 
The oxygen content generally decreases from the upper layers to a minimum which is marked 
around 600 m to 800 m depth and then increases again to higher values in the deep water. The 
minimum coincides with a maximum in nutrients (not shown here) indicating its southern 
origin. The minimum is most pronounced on the eastern part of the section close to the Afican 
shelf and during P233a (September 1997) when the strongest upwelling was observed. We 
therefore associate it with rudiments of Antarctic Intermediate Water that is transported 
northwards with an eastern poleward undercurrent that is intensified by the dynamics of strong 
upwelling. 
Ongoing analysis focuses on seasonal effects (thereby including CANIGO data from M37/2b 
from January 1997 and M42/1 from July 1998), interannual variability by comparing the 
three available three sections from late summer/early autumn from P202/1, P212 and P233a, 
and on the effect of diapycnal mixing between the two intermediate waters of only slightly 
diffrent densities: the AAIW and the Mediterranean Water (MW), 
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POSEIDON 202/1 
LA PALMA - AFRICAN SHELF SECTION (29°N) 
Oxygen distribution (ml/1 s 
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POSEIDON 237/3 
LA PALMA - AFRICAN SHELF SECTION (2TN) 
Oxygen distribution (mfl) - Preliminar>data 
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8 3 Biological oceanography 
(J, Boilmaan, ETHZ) 
Caxolithophores are unicellular gold-brown algae covered with small calcium carbonate 
plates. The production and burial of these carbonate plates play an important role in the global 
carbon cycle. Thus a detailed knowledge of their seasonal and interannual production is a pre-
requisite for assessing their role in the geosphere-biosphere system. Our general scientific 
goals ate (a) to obtain a better understanding of the seasonal and interannual interaction 
between eoccolitbophones and the physical and chemical environment and (b) to compare mis 
interaction with the long-term variability of coccolith composition and flux into the 
.sedimentary archives. 
Towards this general goal, cell density and taxcwomic composition of living coccolithophore 
associations were analysed along an East-West temperature and productivity gradient in me 
North Atlantic eastern boundary current system at three locations near the mooring stations 
LP1 (29°45.7N, 17° 57.3W), the JGOFS Time-series Station ESTOC (29°10.0N, 15°30.0W) 
and EBC2 (28°42.5» 13*9.3W) east of Lanzarote (Fig. 8.3.1, for sampling details see section 
3.3,2) 
The strongest .gradient in sea surface temperature and salinity along the zonal transect 
occurred during late summer (September 1995, POSEIDON cruise P212) and ranged from 
24°C and 37,1 in salinity at station LP1 to about 20,2°C and 345 in salinity at station EBC2. 
The weakest gradient occurred during winter (January 1997, METEOR cruise M37/2b) and 
ranged from 19.5SC and 36.8 in salinity at station LP1 to 19.PC and 36.7 in salinity at station 
Total coccoliaiophore cell densities showed a strong gradient from the open ocean location 
LPl(~ 40*000 cells/1) to the near-shore location EBC2 (~ 120*000 cells/1) during winter 
(M37/b) as well as during late summer/fall (P212) (~ 18*000 cells/l to ~ 45'000 celM) 
(Figure 8.3,2). Maximum cell densities usually occurred in the upper photic zone above the 
deep chlorophyll maximum which was located between 50m and 125m water depth. Four 
coccolithophore species dominated all assemblages analysed so far. 
The most abundant species was Gephyrocapsa eriasmui which dominated the upper photic 
zone during the whole year at the near-shore station E8C2 (Fig. 8.3.3). At the open ocean 
stations LP1 and ESTOC, G. ericsmu was the most abundant species only from Oro to 50m 
during winter and from 50m to 100m during late summer. Vmbelhsphaem tenuis dominated 
only during late summer from the surface to 50 m water depth at LP1 and ESTOC, and it was 
of minor importance at the station EBC2. Fterisphaem pmfimda was the third most abundant 
species during all analyzed seasons at all stations below the deep chlorophyll maximum. 
Bmilimm tmxteyi was only found to dominate from 50 m to 100 m during winter time at the 
open ocean stations UP1 and ESTOC. 
The processes which control coccolithophore cell densities and species composition 
environmental parameters like temperature, salinity and nutrients are currently being 








Fig. 83.1: Sampling and mooring locations: LP1 (29&45,7M, 17°S7.3W), European JGOFS 
Time-series Station ESTOC (29°10.0N, 15°30,0W) and EBC2 (28*42.5, tS^JW). 
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Fig, 83,3: Cell densities of the most abundant coccolithophore species in the Canary Island 
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